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Abstract: In 2010, four independent groups almost simultaneously reported the association of
the novel interleukin-1 (IL-1) family member, IL-33, with inflammatory bowel disease (IBD).
The findings were remarkably consistent and demonstrated that IL-33 is markedly upregulated
in, and specific to, ulcerative colitis (UC). In addition, although a variety of gut-associated
immune cell subsets express IL-33, the primary source appears to be the intestinal epithelium.
IL-33’s receptor, ST2, a formerly orphaned IL-1 receptor-related protein, was also found to be
increased in UC patients, although the cellular source of ST2 appears to be somewhat more
ambiguous. In fact, emerging evidence indicates that the IL-33/ST2 axis plays a critical role in
several other chronic inflammatory and immune disorders. In the gut, IL-33 has been shown to
be important in the clearance of intestinal parasites, and inducing epithelial cell hyperplasia,
mucus production and mucosal eosinophilic infiltration. However, despite the established trend
of increased IL-33 and ST2 expression during IBD, specifically UC, the precise pathophysiologic
relevance of these findings has yet to be determined. Interestingly, IL-33 has the ability to
potentiate pathogenic Th2 and Th17 responses in gut-associated lymphoid tissues, while also
promoting healing of damaged mucosa following inflammatory insults. Indeed, further
mechanistic studies are warranted to confirm the possible dichotomous functions of IL-33
during chronic intestinal inflammation and better define its precise role in the pathogenesis of
IBD. Herein, we discuss what is currently known about IL-33/ST2 in the gut and speculate as to
the potential role of the IL-33/ST2 system in IBD.
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Introduction
Since the original report in 1984 describing the

sequencing and cloning of interleukin-1 (IL-1)

[Auron et al. 1984], it has long been established

that IL-1 and its related cytokine family members

play a major role in several autoinflammatory and

chronic immune diseases, including inflamma-

tory bowel disease (IBD) (as reviewed by

Dinarello [2009]). One of the earliest bodies of

work in cytokine biology showed that endoge-

nous IL-1 receptor antagonist (IL-1Ra), the nat-

ural occurring antagonist of IL-1, plays a critical

role in regulating normal immune homeostasis

(in this case, in the gut), and that an imbalance

of IL-1 and IL-1Ra in favor of IL-1 overproduc-

tion leads to disease states, such as that observed

in IBD [Casini-Raggi et al. 1995; Ferretti et al.

1994]. This concept has received recent confir-

mation in humans by demonstration that germ-

line mutations in the IL-1Ra gene (IL-1RN) leads

to a devastating chronic autoinflammatory disor-

der due to uncontrolled IL-1 signaling, that in

children can be completely reversed by recombi-

nant IL-1Ra administration (as reviewed by

Dinarello [2009]). Other members of the IL-1

family have also been implicated in the pathogen-

esis of IBD, including IL-18 that was originally

described as an important Th1 polarizing
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cytokine specifically involved in the development

of Crohn’s disease (CD) [Monteleone et al. 1999;

Pizarro et al. 1999]. Similar to the effects of IL-

1Ra on IL-1 signaling, the IL-18 binding protein

(IL-18BP) has the ability to prevent binding of

IL-18 to its receptor, ultimately blocking its

downstream functional effects. Neutralizing iso-

forms of IL-18BP were also found to be

increased in the intestinal tissue of active CD

patients [Corbaz et al. 2002], again underscoring

the importance of maintaining homeostatic bal-

ance of IL-1 cytokine family members, this time

between IL-18 and IL-18BP, to prevent chronic

disease states, such as IBD.

IL-33, also known as IL-1F11, is the 11th and

newest identified member of the IL-1 family

(Table 1). Since 2005, when a protein highly

expressed in endothelial cell nuclei, previously

known as nuclear factor-high endothelial venules

[Baekkevold et al. 2003], was recognized as IL-33

[Schmitz et al. 2005], a number of studies have

attempted to characterize the biology and molec-

ular interactions of IL-33, as well as postulate the

potential role of this cytokine in several human

disorders and mouse models of disease (reviewed

in [Liew et al. 2010]). To date, most of the pub-

lished studies regarding IL-33 describe its role

in airway inflammation [Kurowska-Stolarska

et al. 2009, 2008; Liu et al. 2009], allergy

[Matsuba-Kitamura et al. 2010; Pushparaj et al.

2009; Shimizu et al. 2005], and rheumatic dis-

eases [Palmer et al. 2009; Xu et al. 2008]. Less

was known regarding the importance of this cyto-

kine in the maintenance of intestinal homeostasis

and its potential role in gut-associated diseases.

However, in 2010, four independent groups

reported the association of IL-33 with IBD,

with elevated expression specifically in UC

patients [Beltran et al. 2010; Kobori et al. 2010;

Pastorelli et al. 2010; Seidelin et al. 2010].

Although emerging data is beginning to uncover

the precise function of IL-33 in the gastrointestinal

(GI) tract, little has been established that mecha-

nistically addresses the role of IL-33 during normal

gut homeostasis as well as during IBD. Thus, the

purpose of this review is to summarize what is cur-

rently known about IL-33 as it relates to the GI

system, and to provide insight into its potential

role in chronic intestinal inflammation.

IL-33 and ST2: a complex, widely expressed
cytokine system
IL-33 is widely distributed throughout various

organ systems in the body and has been detected

in several different cell types, mostly of nonhema-

topoietic origin, such as fibroblasts, adipocytes,

smooth muscle cells, endothelial cells, as well

as bronchial and intestinal epithelial cells

[Wood et al. 2009; Moussion et al. 2008;

Table 1. IL-1 cytokine family in inflammatory bowel disease.

Common name IL-1 family name Function Ligand-binding chain Disease association

IL-1a IL-1F1 Agonist IL-1R type I CD1,2, UC1,2

IL-1b IL-1F2 Agonist IL-1R type I CD1,2, UC1,2

IL-1Ra IL-1F3 Antagonist IL-1R type I UC3,4,5

IL-18 IL-1F4 Agonist IL-18Ra CD6,7

IL-1F5 Agonist IL-1Rrp2 Unknown
IL-1F6 Agonist IL-1Rrp2 Unknown
IL-1F7 Antagonist IL-18Ra Unknown
IL-1F8 Agonist IL-1Rrp2 Unknown
IL-1F9 Agonist IL-1Rrp2 Unknown
IL-1F10 Unknown Unknown Unknown

IL-33 IL-1F11 Agonist ST2 UC8,9,10,11

CD, Crohn’s disease; UC, ulcerative colitis.
1Cominelli [1990].
2Andus [1997].
3Nishiyama [1994].
4Ferrettiet al. [1994].
5Casini-Raggi et al. [1995].
6Pizarro et al. [1999].
7Monteleone et al. [1999].
8Pastorelli et al. [2010].
9Beltran et al. [2010].
10Kobori et al. [2010].
11Seidelin et al. [2010].
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Schmitz etal. 2005]. IL-33 has also been reported

to be expressed in cells of hematopoietic origin,

particularly in restricted populations of profes-

sional antigen presenting cells, such as macro-

phages and dendritic cells [Schmitz et al. 2005].

During the initial characterization of IL-33 in

2005, it was proposed that, similarly to other

IL-1 family members, such as IL-1b and IL-18,

IL-33 was synthesized as a precursor molecule

(30-kDa polypeptide) that was subsequently

cleaved by caspase-1 into an 18-kDa mature/bio-

active form as a consequence of inflammasome

activation [Schmitz et al. 2005]. However, in

2009, the ‘inflammasome paradigm’ was chal-

lenged following a series of seminal studies dem-

onstrating that full-length (30-kDa) IL-33 is the

actual bioactive form, and it became unclear as to

whether an 18-kDa form exists naturally [Cayrol

and Girard, 2009; Luthi et al. 2009; Talabot-Ayer

et al. 2009]. Furthermore, it has also not been

determined what the role is of the other pro-

cessed, likely less active, forms (20�22 kDa) of

IL-33 that results from caspase-3 and caspase-7

activation.

IL-33 exerts its biological effects through binding

of its receptor, the formerly orphaned receptor,

IL-1 receptor like 1 (IL1RL1), also known as

ST2 [Schmitz et al. 2005]. Two different splice

variants of ST2 have been described [Oshikawa

et al. 2002], leading to the synthesis of two dif-

ferent proteins: ST2L, a transmembrane receptor

that activates downstream signaling upon IL-33

recognition; and sST2, a soluble molecule that

likely serves as a decoy receptor by binding

IL-33 and blocking its biologic effects

[Fagundes et al. 2007]. In order to initiate the

cell signaling cascade, ST2L needs to be paired

to a coreceptor, namely the IL-1 receptor acces-

sory protein (IL1RAcP) [Palmer et al. 2008].

Both ST2 and IL1RAcP possess a Toll/IL-1

receptor (TIR) domain through which they inter-

act with MyD88, TRAF6 and IRAK1/4, eventu-

ally leading to the activation of transcription

factors, such as NF-kB and AP-1, that are able

to promote the production of several pro-inflam-

matory mediators [Schmitz et al. 2005]. ST2 can

also dimerize with a second coreceptor belonging

to the IL-1R family, that is ‘single Ig IL-1R

related molecule’ (SIGIRR) [Bulek et al. 2009].

SIGIRR has been shown to act as a negative reg-

ulator of the IL-33/ST2 signaling pathway, ulti-

mately dampening IL-33’s bioactivity. As with

the IL-33 isoforms and ST2 splice variants, the

biologic and pathophysiologic relevance of alter-

native ST2/SIGIRR signaling (summarized in

Figure 1) has not been thoroughly investigated.

Role of IL-33 in enhancing mucosal defense
against intestinal parasites
Original studies injecting normal mice with

recombinant IL-33 showed specific effects on

mucosal cell populations in the pulmonary and

GI tracts; these mice developed bronchial and

intestinal epithelial cell hyperplasia, as well as

eosinophilic and mononuclear infiltration into

the lamina propria [Schmitz et al. 2005]. The

epithelial cell hyperplasia was characterized by

an impressive increase in goblet cell number,

leading to abundant mucus production. As

such, IL-33 appears to reinforce mucosal barrier

defenses towards potential invading pathogens,

increasing both epithelial protection by mucus

secretion and augmenting immune cell responses

through the induction of Th2 cytokines, such as

IL-13 and IL-5. In fact, the aforementioned

functions highlight the importance of IL-33 in

enhancing clearance of intestinal parasitic infes-

tation. In an experimental mouse model of nem-

atode infection with Trichuris muris, IL-33 was

highly expressed in the cecum where T. muris

was present, and upon exogenous recombinant

IL-33 administration, these infected mice

showed boosted parasite expulsion [Humphreys

et al. 2008]. Although proliferation of natural

killer (NK) cells in the mesenteric lymph nodes

of treated mice was observed, T. muris clearance

was abrogated in SCID mice, suggesting that

IL-33-induced T- and B-cell activation is

required in order to mount host defenses against

this particular parasite. Additional data obtained

from different animal models/organs further sup-

port the role of the IL-33/ST2 system in protect-

ing host from parasitic and bacterial threats, such

as infection with Toxoplasma gondii [Jones et al.

2010], Pseudomonas aeruginosa [Huang et al.

2007] and Leptospira [Wagenaar et al. 2009].

Interestingly, a novel immune cell population

responding to IL-33 stimulation that mediates

protective responses towards intestinal parasites

has recently been described [Neill et al. 2010;

Price et al. 2010]. These innate effector leuko-

cytes express cell surface ST2, c-Kit, and

IL-25R, and display unique phenotypic charac-

teristics not shared by other classical immune cell

populations. These cells proliferate in mouse

mesenteric lymph nodes and spleens, and pro-

duce high levels of Th2 cytokines after IL-33

L Pastorelli, C De Salvo et al.
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and IL-25 co-stimulation. These cells, uniquely

coined ‘nuocytes’, represent an early source of

IL-13 during intestinal helminth infestation (i.e.

Nippostrongylus brasiliensis), and the lack of their

activation results in severely impaired worm

clearance. At the same time, Moro and col-

leagues characterized a similar population of

innate Th2 effector cells, identified by the pres-

ence of cell surface ST2, c-Kit, Sca-1 and IL-7R.

These cells reside in mesenteric adipose tissue,

are organized in fat-associated lymphoid clusters,

and are potently activated by IL-33, IL-25 and

IL-2 [Moro et al. 2010]. Upon activation, pro-

duction of IL-5 and IL-13 from these innate

Th2 effector cells appear to induce histopatho-

logic changes in the gut mucosa, including epi-

thelial/goblet cell hyperplasia and eosinophilic

infiltration, again demonstrating key features for

the effective expulsion of helminth infestation.

The IL-33/ST2 axis in IBD
Given the established role of IL-1 family mem-

bers, such as IL-1b and IL-18 [Cominelli and

Pizarro, 1996; Reuter and Pizarro, 2004], in the

development of IBD and the intestinal-specific

pathologies induced by IL-33 administration in

mouse models, several research groups, including

ours, began to investigate the expression and pos-

sible pathogenic involvement of the IL-33/ST2

axis in IBD.

Robust data indicate that IL-33 expression is

increased in the inflamed mucosa of IBD patients

versus healthy controls, particularly in UC

[Beltran et al. 2010; Kobori et al. 2010;

Pastorelli et al. 2010; Seidelin et al. 2010].

Mucosal expression of IL-33 is mostly localized

to nonhematopoietic cells, particularly intestinal

epithelial cells [Beltran et al. 2010; Pastorelli et al.

Full length
IL-33

Cleaved
IL-33

sST2

SIGIRR

NF-kB
AP-1

+ + + –

NF-kB
AP-1

IRAK

ST2L IL-1RAcP

Figure 1. Ligand-receptor pairings and signaling pathways of the IL-33 cytokine system. Bioactive, 30-kDa
IL-33 binds to cell surface ST2L and recruits its coreceptor IL-1RAcP, resulting in the initiation of a positive
signaling cascade that leads to activation of several transcription factors, including NF-kB and AP-1. The
30-kDa IL-33 can also be cleaved by caspase-3 and caspase-7 into 20�22-kDa isoforms that have decreased
IL-33 bioactivity and are predominantly the result of cell apoptosis. ST2L can alternatively dimerize with a
second coreceptor, SIGIRR, which upon IL-33 binding, inhibits IRAK-4 and acts as a negative regulator of IL-33/
ST2 signaling, ultimately dampening the bioactivity of IL-33. sST2 has the ability to bind IL-33 and primarily
serves as a soluble decoy receptor that prevents IL-33/ST2L binding and positive cell signaling, further down-
regulating IL-33’s functional biologic activity. Illustration courtesy of Alessandro Baliani !Copyright [2011].
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2010; Seidelin et al. 2010] and myofibroblasts

[Kobori et al. 2010] (Figures 2A and C).

However, immunolocalization, as well as ex vivo

studies on isolated intestinal mucosal cell popu-

lations, confirm that IL-33 is also expressed by a

wide variety of cell types, many of which have

been described in other tissue/organ systems,

including fibroblasts, smooth muscle cells, endo-

thelial cells [Miller et al. 2008; Schmitz et al.

2005], and adipocytes [Wood et al. 2009]

(Figure 2E). During active UC, IL-33 expression

is markedly increased in intestinal epithelial cells

and infiltrating lamina propria mononuclear

cells, belonging to the monocyte/macrophage

and B-cell lineages [Pastorelli et al. 2010]

(Figure 2A). Increased IL-33 serum concentra-

tions were also detected in IBD patients in com-

parison with age-matched healthy controls

[Beltran et al. 2010; Pastorelli et al. 2010]. Full-

length (30-kDa) IL-33 is the form predominantly

expressed in the cytoplasm and nuclei of

IL-33-producing cells, whereas the only detect-

able form in the serum is the 20�22 kDa cleaved

form of IL-33 [Pastorelli et al. 2010], which has

been reported to possess reduced biologic activity

[Cayrol and Girard, 2009; Luthi et al. 2009;

Talabot-Ayer et al. 2009]. This important obser-

vation suggests that the presence of extracellular

proteases have the ability to cleave and inactivate

full-length IL-33, perhaps in an attempt to pre-

vent possible harmful effects that may be trig-

gered by high circulating levels of this cytokine,

such as in anaphylactic shock [Pushparaj et al.

2009]. Nonetheless, increased serum levels of

IL-33 in IBD patients reflect an active inflamma-

tory state and represent a potential biomarker for

disease activity.

The results obtained regarding IL-33 expression

patterns in the gut mucosa as well as the systemic

circulation of IBD patients were also confirmed

in SAMP1/YitFc (SAMP) mice [Pastorelli et al.

2010], an experimental model of CD ileitis, char-

acterized by an early Th1 immune response and a

late, chronic phase of disease dominated by Th2

cytokines [Bamias et al. 2005; Rivera-Nieves et al.

2003]. In fact, IL-33 mucosal tissue levels

showed a positive correlation with the severity

of gut inflammation [Pastorelli et al. 2010]. The

prominent involvement of IL-33 in both UC

patients as well as in SAMP mice is consistent

with the major role Th2 cytokines play in these

particular inflammatory conditions of the gut

[Xavier and Podolsky, 2007; Bamias et al. 2005;

Takedatsu et al. 2004]. As such, IL-33

overexpression may represent an early event in

IBD pathogenesis, driving polarization of the

inflammatory response towards a Th2/UC,

rather than a Th1/CD, phenotype. Moreover,

as in the case of SAMP mice, IL-33 may trigger

later Th2-driven immune responses in Crohn’s

ileitis, exacerbating the severity of inflammation.

It has recently been demonstrated that IL-33 is

also specifically expressed in activated subepithe-

lial myofibroblasts situated below ulcerative

lesions in UC patients, but not in CD patients

[Kobori et al. 2010], suggesting a possible func-

tion for IL-33 in wound/ulcer healing, which may

be different in UC compared with CD.

Similar to IL-33, its receptor, ST2, was also

found to be increased both in the intestinal

mucosa and serum of IBD patients [Beltran

et al. 2010; Pastorelli et al. 2010]. The intestinal

tissue expression pattern of ST2 is different in

healthy mucosa compared with that found in

chronically inflamed IBD patients. The epithe-

lium in macroscopically noninflamed colon dis-

plays abundant ST2, but during chronic

inflammatory processes characterizing either

UC or CD, epithelial-derived ST2 expression is

lost/decreased and redistributed (Figure 2B and

D). A marked infiltration of ST2 positive cells

(both professional antigen-presenting cells and

T helper cells) is evident in the lamina propria,

while in the mesenteric tissue of active IBD,

intense infiltration of immune cells strongly

expressing ST2 are found in the perivisceral adi-

pose tissue (Figure 2F) [Pastorelli et al. 2010].

It is likely that the latter population represents

the recently described innate Th2 effector cells,

that were discussed earlier [Moro et al. 2010],

and whose role in idiopathic intestinal inflamma-

tion has not yet been investigated.

Of note, recruitment of ST2 positive cells into

the lamina propria is a common feature shared

by different intestinal inflammatory conditions,

whereas epithelial changes in ST2 expression

appear to be specific for IBD since nonspecific

colitides (e.g. diverticulitis and infectious colitis)

do not present this particular epithelial-specific

pattern [Pastorelli et al. 2010]. Further analysis

showed that the ST2 variant for which expression

is altered in IBD epithelial cells is ST2L, IL-33’s

signaling transmembrane receptor [Beltran et al.

2010; Pastorelli et al. 2010]. As such, we can

extrapolate that the global increase of ST2 in

both colonic biopsies and in circulating serum

from IBD patients primarily represents the

L Pastorelli, C De Salvo et al.
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Figure 2. IL-33 and ST2 expression and localization in ulcerative colitis versus healthy controls.
Immunohistochemical staining for IL-33 ((A), (C), and (E)) and ST2 ((B), (D), and (F)) in surgically resected,
full-thickness colon tissues from ulcerative colitis (UC) ((A), (B), (E), and (F)) and noninflammatory control ((C)
and (D)) patients show that IL-33 is localized to the intestinal epithelium and lamina propria mononuclear cells
(LPMC) within the inflamed mucosa of UC patients (A), and to a lesser extent, in healthy mucosa (C).
Conversely, ST2 is constitutively expressed in epithelial cells in the absence of intestinal inflammation (D),
but during UC, ST2 expression in epithelial cells is lost, whereas intense ST2 staining is present within lamina
propria immune cells (B). IL-33 (E) and ST2 (F) are also expressed by infiltrating immune cells within the
mesenteric adipose tissue in IBD (block arrows, (E) and (F)). Clear IL-33 staining is also present in endothelial
cells within the inflamed gut wall (arrows, (E)). All panels, �20 original magnification.
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sST2 protein, likely produced by mucosal lamina

propria mononuclear cells and to a lesser extent,

intestinal epithelial cells, and potentially by cir-

culating mononuclear cells. However, whether

impaired epithelial ST2L expression is a feed-

back response of chronic exposure to elevated

IL-33 concentrations or an intrinsic epithelial

defect in IBD has yet to be determined.

Insight into the functional role of IL-33 and ST2
in the intestine during health and disease

IL-33 as a pathogenic cytokine promoting
immune dysregulation and chronic gut
inflammation
Despite the wealth of information regarding IL-33

and ST2 expression in IBD, functional data, needed

to mechanistically understand the precise role of this

novel cytokine�receptor pair in the maintenance

and disruption of intestinal immune homeostasis,

are still lacking. However, growing insight into the

function of IL-33 in the GI system can also be

derived from studies in other experimental models

of chronic inflammatory disorders, such as airway

inflammation and arthritis models [Liu et al. 2009;

Palmer et al. 2009]. In these two settings, IL-33

demonstrates a potent pro-inflammatory effect,

leading to worsening of disease states, particularly

through the recruitment of activated immune cells

to the site of inflammation [Komai-Koma et al.

2007] and production of several pro-inflammatory

cytokines [Schmitz et al. 2005]. Along the same line,

transgenic mice engineered to produce high levels of

IL-33 develop spontaneous airway and pulmonary

inflammation [Zhiguang et al. 2010], and treatment

targeted to block the IL-33/ST2 signaling cascade

has the ability to ameliorate disease in a murine

model of allergic asthma [Liu et al. 2009]. This phe-

nomenon is also observed in arthritis models where

specific blockade of IL-33 by administration of anti-

ST2 antibodies has the ability to dampen joint

inflammation [Palmer et al. 2009]. Thus, IL-33

appears to promote chronic inflammatory condi-

tions, enhancing both Th2 and Th1 immune

responses [Smithgall et al. 2008].

In fact, IL-33 stimulation of unfractionated mes-

enteric lymph node cells from the SAMP ileitis

model induces potent production of the Th2 cyto-

kine, IL-5, as well as IL-6 and IL-17 [Pastorelli

et al. 2010]. IL-5 and IL-6 are important cyto-

kines in the SAMP model, demonstrated by neu-

tralization experiments in which either anti-IL-5

or anti-IL-6 treatment ameliorated gut inflamma-

tion [Mitsuyama et al. 2006; Takedatsu et al.

2004]. At present, no published data is available

regarding Th17 immune activation in SAMP

mice; however, it is well established that IL-17

plays a pivotal role in the onset of chronic intesti-

nal inflammation [O’Connor et al. 2009; Ahern

et al. 2008; Fina et al. 2008; Zhang et al. 2006].

As such, IL-33 may represent a primary, innate

cytokine capable of inducing pathogenic, adap-

tive immune responses in the gut. Alternatively,

induction of IL-33 can occur downstream of

TNF, which represents an important master

cytokine in the pathogenesis of IBD [Murch

et al. 1993]. TNF has the ability to increase

IL-33 as well as modulate ST2 expression in

intestinal epithelial cells [Pastorelli et al. 2010],

as well as other cell types [Verri et al. 2010; Wood

et al. 2009; Xu et al. 2008]. Administration of

anti-TNF (Infliximab) for the treatment of IBD

has the ability to significantly reduce circulating

IL-33 protein levels in both CD, and particularly

UC, patients [Pastorelli et al. 2010]; again, sup-

porting the concept of using systemic IL-33 levels

as a potential biomarker for IBD disease activity.

Although results from neutralization studies tar-

geted at blocking the IL-33/ST2 signaling path-

way in experimental colitis models have yet to be

reported, a recent study in which IL-33 knockout

(KO) mice were subjected to dextran sodium sul-

fate (DSS)-induced colitis has provided further

insight into the role of IL-33 and ST2 in intesti-

nal inflammation. Colonic inflammation induced

by DSS occurs in a T-cell-independent manner

and results from disruption of the epithelial bar-

rier and consequent exposure of innate immune

cells to gut luminal contents, including the bac-

terial microflora. IL-33 KO mice displayed less

prominent inflammation, with a significant

decrease in granulocyte infiltration during the

acute phase of the colitis compared with wild-

type littermates [Oboki et al. 2010].

Subsequently, during the recovery phase of the

experiment, whereas weight recovery was mark-

edly delayed in IL-33 KO mice, no significant

difference in colonic inflammation was observed

between IL-33 KO and wild-type littermates.

The authors propose that in this particular

model, IL-33 plays an important role in driving

acute, innate immune responses, but is dispens-

able in the maintenance of a chronic inflamma-

tory state. Alternatively, the possibility exists that

the delayed weight recovery observed in IL-33

KO mice, but not wild-type littermates, is due

L Pastorelli, C De Salvo et al.
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to the potential role of IL-33 in restoration of gut

homeostasis and mucosal healing.

It is widely accepted that intestinal epithelial cells

and innate immune cells are critically involved in

mucosal immune responses towards intestinal

luminal pathogens and bacterial antigens. In

fact, upon recognition of pathogen associated

molecular patterns (PAMPs), these cells have

the ability to potentiate intestinal barrier function

by releasing antimicrobial peptides (i.e. defensins)

[Artis, 2008; Pasparakis, 2008; Wehkamp et al.

2008], increasing mucus production [Marillier

et al. 2008], and secreting pro-/anti-inflammatory

mediators and cytokines [Kaser et al. 2010] in

order to mount an appropriate mucosal immune

response. As mentioned earlier, within the gut

mucosa, IL-33 is primarily expressed in the epi-

thelium [Beltran et al. 2010; Pastorelli et al. 2010;

Seidelin et al. 2010]. Moreover, intestinal epithe-

lial cells during active inflammation express pre-

dominantly full-length (30-kDa) IL-33,

representing the most bioactive form of IL-33

with greater pro-inflammatory activity [Cayrol

and Girard, 2009; Luthi et al. 2009; Talabot-

Ayer et al. 2009]. It has been suggested that this

full-length form of IL-33 may also function as a

novel epithelial ‘alarmin’ [Cayrol and Girard,

2009; Luthi et al. 2009; Talabot-Ayer et al. 2009;

Moussion et al. 2008], as increasing evidence indi-

cates its structural and functional similarity to

HMGB1 and IL-1a [Chen et al. 2007; Scaffidi

et al. 2002], which represent prototypic alarmin

molecules. Therefore, damaged, stressed, or

necrotic cells can potentially release IL-33 as a

danger signal/alarmin to alert the immune

system of a local threat. In fact, loss of epithelial

barrier integrity has been indicated as possible

TNF-a
IL-1b
PAMPS (?)

Epithelial cell

Necrotic 
Epithelial 
Cell

Epithelial damage

Epithelial proliferation

Myofibroblasts

WOUND HEALING AND REPAIR

Immune cells

INFLAMMATORY AND IMMUNE
ACTIVATION

IL-33IL-33 IL-33

Figure 3. Potential dichotomous functions of IL-33 in intestinal inflammation. Pro-inflammatory stimuli, such
as tumor necrosis factor (TNF), IL-1b and perhaps pathogens-associated molecular patterns (PAMPs),
increase intracellular IL-33 expression in intestinal epithelial cells. Under stressful or harmful conditions
that lead to damage of the epithelium, IL-33 is released by necrotic epithelial cells as a potential alarmin.
Depending on the presence and abundance of ST2-bearing target cells, IL-33 may have different global effects
within the gut mucosa. Encounter with activated immune cells, IL-33 may enhance immune responses that can
further exacerbate the severity of inflammation. Concomitantly, IL-33 can also act on intestinal epithelial cells
and myofibroblasts to induce epithelial proliferation and repair as well as promote wound healing. Illustration
courtesy of Alessandro Baliani !Copyright [2011].
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Figure 4. Working hypothesis of IL-33’s role in inflammatory bowel disease. Bioactive IL-33 is primarily produced by intestinal
epithelial cells, as well as lamina propria mononuclear cells, during active inflammation and has the ability to promote pro-inflam-
matory cytokine production, such as IL-6, as well as Th2 and Th17 adaptive immune responses. Intestinal myofibroblasts have also
recently been reported as a source of IL-33 in inflammatory bowel disease (IBD), suggesting a speculative role in fibrosis. Bioactive
IL-33 can potentially be cleaved by extracellular proteases within the gut mucosa, dampening the pro-inflammatory effects of IL-33;
release of its putative 20�22-kDa products into the systemic circulation, can serve as a bioactivity disease marker for IBD. IL-33 has
also been shown to promote epithelial proliferation and can alternatively be involved in epithelial repair and wound healing. Loss and/
or redistribution of ST2 expression on the epithelium of IBD patients may indicate disruption of IL-33/ST2 signaling, leading to
ineffective restoration of epithelial barrier integrity, facilitating translocation of luminal, bacterial products and the perpetuation of
chronic intestinal inflammation. Illustration courtesy of Alessandro Baliani !Copyright [2011].
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trigger for the development of pathologic gut

inflammatory responses by several genetic studies

in IBD patients and mouse models of colitis

(reviewed by Pastorelli et al. [2008]). Therefore,

it can be hypothesized that, because of either

intrinsic defects (e.g. structural impairment

affecting cell integrity, barrier dysfunction, etc.)

or extrinsic exposure to harmful stimuli, as in

the case of DSS challenge, stressed gut epithelial

cells can release potent levels of IL-33 as a danger

signal, initiating an inflammatory cascade that

leads to intestinal inflammation.

Potential role of IL-33 as a mediator of mucosal
healing and epithelial repair/restoration
An alternative role for IL-33 within the gut mucosa

is slowly emerging; that is, as a trophic factor, pro-

moting epithelial proliferation and restoration of

barrier function. In fact, as previously discussed,

IL-33 has the ability to potentiate epithelial

defenses and enhance mucus production upon par-

asitic infections [Moro et al. 2010; Neill et al. 2010;

Price et al. 2010; Schmitz et al. 2005]. In support of

this concept, IL-33 expression has been described

in subepithelial myofibroblasts, situated below

ulcerated epithelium [Kobori et al. 2010], suggest-

ing that perhaps IL-33 may also be involved in the

epithelial repair process. With the aforementioned

observation, together with previously reported

changes in the pattern of endothelial cell IL-33

expression during angiogenesis [Kuchler et al.

2008], we can speculate that IL-33 may play a pos-

sible role in wound healing.

Whether IL-33 actually functions as a protective

factor for the gut mucosa and promotes epithelial

healing has yet to be proven. However, it is inter-

esting to consider that loss and/or redistribution of

ST2L expression specifically observed on the epi-

thelium of IBD patients (Figure 2B) [Beltran et al.

2010; Pastorelli et al. 2010] may result in disruption

of IL-33/ST2 signaling and consequently responsi-

ble for ineffective epithelial proliferation/repair and

restoration of epithelial integrity, which would ulti-

mately promote chronic alteration of gut immune

homeostasis characterizing IBD. Similarly, it is also

tempting to speculate that IL-33’s role as an epithe-

lial alarmin may be to induce the recruitment and

activation of immune cells to the site of injury that

are involved in the resolution phase of inflammation

and eventual wound healing.

Taken together, studies indicate a possible dual,

and perhaps dichotomous, role of IL-33/ST2 in

the setting of chronic intestinal inflammation and

IBD pathogenesis. IL-33 may have a pro-inflam-

matory effect on lamina propria immune cells

while at the same time, promote wound healing

and epithelial repair when acting on epithelial

cells and myofibroblasts (summarized in Figures

3 and 4). As such, further, more mechanistic inves-

tigation is warranted to dissect the specific patho-

genic, or protective, processes that may involve

different cell types at different times, in order to

clarify the predominant role of this complex cyto-

kine system in gut physiology and disease.
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